The full-length genome sequence of a feline G3P [9] rotavirus (RV) strain, BA222, identified from the intestinal content of an adult cat, was determined. Strain BA222 possessed a G3-P[9]-I2-R2-C2-M2-A3-N1-T3-E2-H3 genomic constellation, differing substantially from other feline RVs. Phylogenetic analyses of each genome segment revealed common origins with selected animal and zoonotic human RVs, notably with rare multi-reassortant human G3P [9] RVs (Ita/PAI58/96 and Ita/PAH136/96). Altogether, the findings suggest that feline RVs are genetically diverse and that human RVs may occasionally originate either directly or indirectly (via reassortment) from feline RVs.
Group A rotaviruses (RVs) are important enteric pathogens of humans and a variety of animals. The genome of RVs consists of 11 dsRNA segments, enclosed in a nonenveloped triple-layered capsid (Estes & Kapikian, 2007) . The VP7 and VP4 proteins comprise the outer capsid of the virion and independently induce neutralizing antibodies (Estes & Kapikian, 2007) . Recently, a novel RV genotyping classification system based on all 11 genome segments provided valuable information on the RV genetic diversity and allowed the precise establishment of the genetic relationships among human and animal RVs. This system assigns a letter code to each genome segment: G (VP7), P (VP4), I (VP6), R (VP1), C (VP2), M (VP3), A (NSP1), N (NSP2), T (NSP3), E (NSP4) and H (NSP5) (Matthijnssens et al., 2008b) .
In humans, five common VP7 and VP4 combinations have been identified as the leading cause of severe RV disease: G1P [8] , G3P[8] , G4P[8] and G9P[8] specificities on the Walike (I1-R1-C1-M1-A1-N1-T1-E1-H1) genomic constellation, and G2P[4] on the DS-1-like genomic constellation (I2-R2-C2-M2-A2-N2-T2-E2-H2) (Matthijnssens et al., 2009a) . In addition to the globally prevalent RV strains, regionally important and newly emerging human RV strains have also been described, most of which share the background genotype configuration with these common strains (Matthijnssens et al., 2009a) . Early in human RV epidemiological studies, a third group of viruses, G3P [9] , genetically unrelated to Wa-like and DS-1-like viruses, was found to circulate in humans in a sporadic fashion (Kaga et al., 1994; Nakagomi et al., 1985; Nakagomi & Nakagomi, 1991 . Upon RNA-RNA hybridization and complete sequence analysis, the prototype human G3P[9] RV strain, AU-1, showed a distinct genome constellation, I3-R3-C3-M3-A3-N3-T3-E3-H3 (Matthijnssens et al., 2008a; Nakagomi & Nakagomi, 1989) .
Feline RVs were first identified from cats in 1979 with gastro-enteric symptoms (Chrystie et al., 1979; Snodgrass et al., 1979) . The disease was reproduced experimentally in 3-day-old kittens (Snodgrass et al., 1979) and RV-specific antibodies were found in the sera of 31-46 % of the cats in USA and UK (Pearson et al., 1980; Snodgrass et al., 1979) .
RVs have been detected in 3.5 % of asymptomatic cats by a reversed passive haemagglutination assay (Mochizuki et al., 1997) and in 5-6 % of either asymptomatic or symptomatic cats by electron microscopy (Birch et al., 1985; Marshall et al., 1987) . Thus far, only two neutralizing antigen combinations, G3P [3] and G3P [9] , have been identified in cats . By RNA-RNA hybridization analyses, some feline viruses (FRV-1, FRV317, FRV381 and FRV384) were found to be genetically related to human AU-1-like RVs, suggesting a potential interspecies transmission from cats to humans (Mochizuki & Yamakawa, 1987; Mochizuki et al., 1992 Mochizuki et al., , 1997 Nakagomi & Nakagomi, 1989) .
RVs bearing G3P[3] specificities have been isolated not only from cats (Cat97, FRV64, FRV70, FRV72, FRV73, FRV303 and FRV348) (Birch et al., 1985; Mochizuki et al., 1992) , but also from dogs (CU-1, K9, A79-10, RS15, RV198/95 and RV52/96) (Fulton et al., 1981; Hoshino et al., 1982 Hoshino et al., , 1983 Martella et al., 2001; Mochizuki & Hsüan, 1984) and humans (Ro1845, HCR3A, HCR3B and PA260/97) (Aboudy et al., 1988; De Grazia et al., 2007; Li et al., 1993; Santos et al., 1998) . Genome analysis of selected G3P [3] canine, human and feline strains has revealed that these viruses possess a highly conserved genomic constellation, I3-R3-C2-M3-A9-N2-T3-E3-H6 (Tsugawa & Hoshino, 2008) . Conversely, the G3P[9] feline RV strain Cat2 displayed a mixed composition of genome segments shared with human/canine/feline G3P[3] RVs (VP1, VP2, VP3 and NSP4), AU-1/FRV1-like G3P[9] viruses (VP4, VP6, VP7 and NSP1), human G6P[14] RV Hun5 (NSP3), and the reassortant G3P [9] human RVs PAH136/96 and PAI58/96 (NSP2 and NSP5, respectively) (De Grazia et al., 2010; Tsugawa & Hoshino, 2008) .
Here, we describe the identification and full-length genome sequencing of a novel feline RV, BA222. The virus was detected in 2005 from the intestinal content of a domestic adult cat, which died with respiratory distress and gastroenteric symptoms. The cat was free to interact with other pets (dogs and cats) in a dairy farm in Salò , Lombardia, Italy. At necropsy, congestion of the lungs and erosive lesions in the gut mucosal epithelium were observed. Upon electron microscopy observation, RV-like particles were identified in the intestinal content. The virus was characterized as a group A RV by RT-PCR. The complete genome sequencing, including the 59 and 39 termini of each Matthijnssens et al. (2008b) . DPrototype genotype strains used by Matthijnssens et al. (2008b) . dStrains which shared the highest nucleotide identity in the cognate genes with the feline G3P[9] RV.
Identification of a novel feline group A RV genome segment, of the RV strain BA222 was performed as described elsewhere (Potgieter et al., 2009) . Cognate genome sequences were individually compared with a variety of RV strains by phylogenetic analysis using the software MEGA4 (http://www.megasoftware.net). In addition, the sequences were analysed by BLAST (http://www. ncbi.nlm.nih.gov/BLAST), using default search values and using the automated RV genotype prediction server RotaC (http://rotac.regatools.be) (Maes et al., 2009) .
The complete genome is 18 491 bp in length, with the genome segments ranging from 667 (NSP5/6) to 3302 bp (VP1). The genotype assignment of strain BA222 was G3-P[9]-I2-R2-C2-M2-A3-N1-T3-E2-H3. By sequence comparison (Table 1 ) and phylogenetic analysis ( Fig. 1 R3  C2  M3  A9  N2  T3  E3  H6  Ca/CU-1  G3  P[3]  I3  R3  C2  M3  A9  N2  T3  E3  H6  Hu/Ro1845  G3  P[3]  I3  R3  C2  M3  A9  N2  T3  E3  H6  Ca/K9  G3  P[3]  I3  R3  C2  M3  A9  N2  T3  E3  H6  Ca/A79-10  G3  P[3]  I3  R3  C2  M3  A9  N2  T3  E3  H6  Hu/HCR3A  G3  P[3]  I3  R3  C2  M3  A9  N2  T3 E3 H6 Hu/Au-1 Fig. 1 . Phylogenetic trees based on the full-length nucleotide sequences of the 11 RV genes coding for the structural (a) and non-structural (b) proteins. Bootstrap values (500 replicates) above 80 are shown. The trees were generated using the neighbour-joining method and Kimura two-parameter model. Bars indicate the genetic distance between sequences of every segment analysed. The various genotypes are indicated. Bo, Bovine; Hu, human; Fe, feline; Ca, canine; Gu, guanacos; Si, simian; Ov, ovine; Av, avian. The feline BA222 strain is in boldface.
and PAH136/96 (Table 2) . These three viruses either shared genotypes or even were tightly related within the same genetic lineages in nine genome segments. In particular, the VP3, VP4, VP7, NSP1, NSP4 and NSP5 genes were highly conserved among all three strains. Although the molecular basis of RV natural cross-species infectivity and disease have not been resolved, several genome segments, including VP3, VP4, VP7, NSP1, NSP2 and NSP4, have been implicated in host range restriction and/or control of virulence (Bridger et al., 1998; Burke & Desselberger, 1996; Ciarlet et al., 2000; El-Attar et al., 2001; Hoshino et al., 1995; Hua et al., 1993; Kojima et al., 1996; Mori et al., 2003; Sen et al., 2009; Xu et al., 1994) .
By re-analysing the data on the whole, the G3P Under experimental conditions, cats inoculated with bovine RVs develop productive infection, with seroconversion and virus shedding for up to 2 weeks (Schwers et al., 1982) . Due to the long process of domestication, cats may have been a reservoir for the generation of reassortant RVs between feline and bovine strains, thus accounting for the variety of human/feline/bovine reassortant RVs identified to date Santos & Hoshino, 2005) . The identification and complete molecular characterization of the novel feline RV BA222, which is genetically unrelated to previously described canine and feline RVs and resembles the rare multi-reassortant G3P[9] RVs identified in humans reinforces this hypothesis.
One of the limitations with these kinds of analyses is the lack of availability of robust data from epidemiological studies of animal RVs in all susceptible animal species. The scarce data make the study of RV diversity and evolution, transmission of RVs among different animal species and humans, and the understanding of the extent of reassortment events in animal species difficult. However, the new RV classification system, established by Matthijnssens et al. (2008a, b) , is allowing data to accumulate rapidly in order to decipher the genetic relationships among human and animal RV strains.
Overall, the findings of this study demonstrate that gathering information on animal viruses is fundamental to better understand the evolution of human RVs, especially those that do not belong to the common Walike and DS-1-like families.
